Athletes undergoing intensive training schedules have chronic exposure to stress-induced hormones such as cortisol that can depress immune function. We compared the circulating levels of T cell receptor excision circles (TREC), a marker of recent thymic emigrants, as well as the levels of naïve and memory subsets in a group of elite endurance athletes and in controls. The athletes showed a reduction in absolute numbers of naïve T cells, particularly in CD4 T cells. In contrast, memory cells were increased. TREC levels in the athletes were significantly reduced compared to age-matched controls. Such changes resemble premature ageing of the T cell component of the immune system. Since thymic production of T cells naturally decline with age, these results raise the concern that prolonging high intensity exercise into the 4th decade of life may have deleterious consequences for athletes' health.
Introduction
The activity of the thymus, an essential organ for the production of T cells, declines with age (Fallen et al., 2003b; Gray et al., 1975; Jamieson et al., 1999; Kurashima et al., 1995; McFarland et al., 2000) . Consequent upon this decline is a change in the distribution of cells in the peripheral circulation, with naïve T cells decreasing with age while memory and effector cells increase. Such changes are more extreme either when the thymus has been removed early in life (Gress and Deeks, 2009), or when there is profound lymphopenia requiring reconstitution of the peripheral lymphoid compartment, as after haematopoietic stem cell transplantation (Fallen et al., 2003b) . In this latter case it is clear that in patients over 30 years of age the contribution of the thymus to repopulation of the peripheral T cell pool is significantly impaired and distortions in the distribution of different T cell subsets can be maintained for some years after the transplant itself (Fallen et al., 2003a) . Such changes in the distribution of T cell subsets may not be reflected in the peripheral T cell numbers, since a constant level of T cells may be maintained through expansions and contractions of different subsets. Measurement of thymus activity is thus essential to understand the relative contributions of the thymus versus peripheral expansion in maintaining T cell numbers. Signal-joint T cell receptor excision circles (sjTREC) are a marker of the commitment of T cells to the ab lineage during intrathymic development (Koup et al., 1998) ; thus the concentration of sjTREC in peripheral T cells can provide an indication of the activity of the thymus.
Signal-joint T cell receptor excision circles (sjTREC) are a marker of the commitment of T cells to the ab lineage during intrathymic development (Koup et al., 1998) ; thus the concentration of sjTREC in peripheral T cells can provide an indication of the activity of the thymus. We therefore compared T cell subset distribution and sjTREC levels between an elite endurance athlete cohort and a group of age matched healthy controls in order to measure the impact of chronic exposure to stress in otherwise young, healthy individuals.
Materials and methods

Donor cohorts
The athlete cohort comprised a group of 19 national standard triathletes training at Loughborough University; each individual trained for a minimum of 6 days a week and for a minimum of 1.5 h per session, swimming, running and cycling between 280 and 400 km per week plus 8 h per week of weight, interval or skills training. The age range in this cohort was 18-36, with a median age of 20.7 years.
The age-matched control cohort comprised students from the Universities of Bath, Edinburgh and University College, London selected only on the basis of an age between 18 and 36 years at the time of sampling, with a median age of 21. A second control group, drawn largely from volunteer co-workers, had an age range from
